Persistent infection (PI) of YAC-I cells by coxsackievirus B3 (CBV-3) was characterized. CBV-3 PIs were maintained for 7 months or more, although in two other cases cells were cured of virus at 6 and 6.5 months of PI. The titre of infectious virus peaked during the first week of the infection and then gradually decreased. The proportion of cells producing infectious centres increased to 100~ by 48 h after infection, remained at that level up to the seventh day, and then rapidly decreased. Susceptibility to PI by CBV-3 varied widely among 40 clones from uninfected YAC-1 cells as judged by the yield of infectious virus at 6 weeks post-infection. None of the clones was completely lysed by the virus. Clones were not obtained from cells infected for 2 or 7 days. Of six clones obtained from cells infected for 14 days and 24 clones from cells infected for 6 weeks, none was producing virus and all were resistant to reinfection by CBV-3. Six of the clones were serially subcultured and all remained resistant for as long as they were maintained (5 months). During the course of the PI, viral variants which produced smaller plaques and required a longer incubation period for the development of visible plaques replaced the original viral population. Thus the PI involved a carrier culture with a large proportion of resistant cells. The resistant state did not require the continued presence of virus.
INTRODUCTION
Group B coxsackieviruses (CBV) are generally cytopathic in cell cultures which support their replication, and until recently had rarely been associated with persistent infections (PIs). However, it has become apparent that CBV PIs are more common than was previously suspected, as they have been observed in human heart fibroblasts (Kandolf & Hofschneider, 1984) , rat pancreatic cells (Frank et al., 1986) , human lymphocytes (Matteucci et al., 1985 a) and mouse skin fibroblasts (Schnurr & Schmidt, 1984a) , and in vivo in murine heart (Schnurr & Schmidt, 1984b; Schnurr et al., 1984) , spleen and pancreatic cells (Bocharov & Shalaurova, 1984) . Here we describe CBV-3 PI of YAC-1 cells, a mouse lymphoma cell line. We were interested in determining whether CBV-3 would grow in these cells, as we planned to use them as targets for natural killer activity for cells taken from CBV-3-infected mice. CBV-3 PI of lymphocytes may have significant implications for CBV-3 interactions in vivo with lymphocytes, as it has been reported that CBV-3-infected mice are immunosuppressed (Bendinelli et al., 1982; Matteucci et al., 1985b) and we have observed splenic atrophy in mice infected with CBV-3 3"3 x 105/ml to between 60 x l0 s and 80 x 10S/ml; 91 to 98% of cells were viable as determined by trypan blue dye exclusion (Freshney, 1983) . The origin of the virus, CBV-3(M), and the method for TCIDs0 determination were previously described (Schnurr & Schmidt, 1984a) .
Plaquing was on BGMK cells in 30 mm wells as described by Schmidt (1979) . Briefly, 10-fold serial dilutions of the test specimens were adsorbed to monolayer cultures prior to the addition of 0.5 % agarose in Eagle's MEM with 2% FBS. A second overlay containing a 7:100000 dilution of neutral red was added 4 to 5 days later. Cells remained viable for up to 10 days after the addition of neutral red.
Infectious centres (ICs) were determined as previously described (Schnurr & Schmidt, 1984a ) with slight modifications. Briefly, cells were washed twice in Hanks' balanced salt solution (HBSS), non-cell-associated viral infectivity was neutralized with a 1:25 to 1:50 dilution of monkey anti-CBV-3 (Nancy) immune serum from this laboratory, and cells were washed three additional times with HBSS. Dilutions of the cell suspension were adsorbed to BGMK cells and adsorbed cells were processed as described for plaquing.
Cell cloning was by the limiting dilution method. The cells were counted and diluted to one cell/0.2 ml, and that volume was delivered to individual wells of 96-well tissue culture trays. Plates were observed at 48 hr to determine that wells contained one cell each. Wells containing more than one cell were marked and not processed further. Individual clones were expanded to 1 dram vials and cloning efficiency was estimated by dividing the number of wells with clones by the total number of wells seeded.
Initiation and maintenance of Pl. Cultures of YAC-1 cells at a density of 2 × 105 cells/ml were infected with CBV-3(M) at a variety of m.o.i, ranging from 0-2 to 100. Samples of supernatant fluid were withdrawn at various times and stored at -20 °C for later determination of TCIDso. Additional samples were withdrawn for cell counts and determination of viability. Cultures were fed in the first 7 to 9 days when the pH became acid. Subculture of infected cells was initially at a 1:1 ratio and gradually adjusted to 1:12 to 1:16 by 2 months.
RESULTS

Infection of YAC-1 cells by CBV-3
Cells were infected at several different m.o.i, with similar results. During the initial, acute phase of the infection, the titre of infectious virus in supernatant fluids increased for the first several days, peaked, and then started to decrease (Fig. 1) . The decrease in viral infectivity was due to viral instability and reduced production of infective virus, since the decrease in viral titre was always greater than could be accounted for by any dilution of the culture. The proportion of viable cells in the infected culture remained high for 48 h following inoculation, and then rapidly declined from greater than 90% to less than 50% over the next few days. Interesting features were the delay between the rise in titre of infectious virus and the death of infected cells and the observation that the maximum titre of viral infectivity was inversely related to the m.o.i, used to initiate the infection.
PI of YA C-1 cells
Establishment of a PI following CBV-3 infection of YAC-1 cells was a highly reproducible phenomenon which was independent of the m.o.i, used to initiate the infection. PIs have been initiated with 6 different m.o.i, ranging from 0-2 to 100. In four cases persistently infected cells have been maintained for periods between 2 and 8 months with continual release of infectious virus into the supernatant fluids. In the two other cases, after a period of productive infection the cells ceased releasing infectious virus during the sixth month of infection. Virus titres from PI cells that continued to yield infectious virus and from a PI that terminated are shown in Fig. 2 . After the initial peak in viral infectivity, there was a long-term tendency towards lower infectivity titres. Following the acute phase the proportion of viable cells at the time of subculture gradually increased from less than 50 % to greater than 90 % by 2 months of PI (data not shown).
Infectious centre assay
Since the virus-producing population of cells could be subcultured, it was of interest to determine what proportion of cells were actually releasing virus. This was determined by the use of the infectious centre assay. ICs increased from 5 % following 1 h of viral adsorption to 100 % at 2 to 7 days post-infection, and then fell to 3 to 8% from 10 to 24 days. By the sixth week ICs were approximately 1% and remained at less than 1% thereafter (Table 1) . 
Description of YAC-1 clones
The origin of YAC-1 clones is described in Table 2 . Cloning efficiency was high before and immediately after infection, but from 2 to 7 days post-infection no clones were obtained. Clones were grown from cells persistently infected for 2 or 6 weeks, but at lower efficiency than from uninfected cells.
Characterization of clones
Forty of the 70 clones of uninfected cells were selected for further study. They were subcultured by 1:10 dilution in 1 dram vials and infected with CBV-3 at an m.o.i, of 4. By the ninth subculture (6 weeks post-infection) the clones could be divided into four groups (Table 3) . * log TCIDso/0-1 ml. t One h adsorption at 37 °C. 
Characterization of clones from infected YA C-1 cells
Of 24 clones started from cells taken immediately after viral adsorption, none spontaneously released virus into culture medium (Table 4) . When infected (m.o.i. 4), all of these clones released high titres of infectious virus (greater than 105 TCIDs0/ml at 14 days post-infection), and thus all these clones were susceptible to CBV-3. Clones of cells from cultures persistently infected for 14 days or 6 weeks were all negative for CBV-3 in supernatant cell culture fluid. When these clones were reinfected they were all negative for virus 14 days post-infection (Table  4) . Six clones were selected for additional study. All these clones continued to be resistant to CBV-3 during 5 months in culture. A resistant clone, designated C-70, was selected for further study. Clone 70 cells infected with CBV-3 produced virtually no ICs, as there was only 0-013~o IC after 1 h of adsorption and none 4 days after infection (data not shown).
Plaquing characteristics of CBV-3 from persistently infected cells
Plaque size and the time required for the development of visible plaques from virus obtained at various times during PI of YAC-I cells were determined. In the two cases where productive infection of PI cultures terminated, and also in one case where the PI remained productive, the plaquing characteristics of the virus from the PI cells gradually changed towards smaller plaque size and a longer time was required for the development of visible plaques. Plaquing characteristics of samples obtained from a PI which terminated at 6.5 months are shown in Table 5 . DISCUSSION This report adds to the growing number of cell types which have been shown to be capable of supporting CBV PI. The persistently infected YAC-I cells described here were a carrier culture of the type where most of the cells in the culture were genetically resistant to the carried virus, but the infection was perpetuated in a minority of susceptible cells.
The composition of the YAC-1 cell population underwent a major change during the establishment of the PI. Prior to infection and immediately after viral adsorption, the majority of cells were susceptible to virus. However, of clones obtained 2 or more weeks after establishment of CBV-3 PI, none could be persistently infected.
The change in the composition of the cell population was reflected in the high percentage of dead cells during acute infection and the long-term gradual increase in the proportion of viable cells in the culture. This change was presumably due to the death of cells producing infectious virus and their replacement with less susceptible cells. The decrease of viral infectivity in supernatant fluids from cell cultures over the duration of PI together with the IC assay results suggest selection of a population of cells more resistant to CBV-3. Matteucci et al. (1985 a) were able to clone uninfected MOLT-1 human lymphocytes, but they could not clone cells after CBV infection. They found that seven of their eight clones were completely lysed by the virus. None of the YAC-1 clones was lysed by CBV-3.
Although persistently infected YAC-1 cells were easily cloned, we obtained no clones that spontaneously released virus. It appears that cells actively producing virus do not survive to divide. However, we did observe some cases where single cells divided several times and survived for 7 or more days before all cells in the clone died. In these cases infectious virus was not present in the supernatant fluids prior to cell death, but was present after the cells lysed. The virus genome must have been present in the cell that initiated the clone and passed to the progeny cells during or after cell division, and ultimately replicated in and killed all the cells of the clone.
Persistence of virus in cultures where cells producing infectious virus are killed requires a continuous source of susceptible cells. The source could be the few progeny of resistant cells that became susceptible to the virus. Infectious centre assays indicated that a small percentage of resistant cells formed ICs. If all clones have some susceptible progeny, these may be sufficient to maintain the infection.
The establishment and maintenance of PIs in cell culture frequently requires the participation of some agent which interferes with viral cytopathology. CBV-3 PI of YAC-1 cells is easily established without any such requirement. However, during PI rapid viral evolution may occur, especially for viruses with RNA genomes (Holland et al., 1982) . The co-evolution of the virus towards attenuation and of the host cell towards greater resistance may eventually result in the termination of the PI. In the majority of cases when the PI remained productive the virus maintained plaquing characteristics similar to the parental virus (data not shown), and it may be that CBV-3 PI of YAC-1 cells is associated with virus similar to the wild-type virus.
